Abstract. 2014 The linewidth caused by the interaction between two-level defects in glasses has been measured through the change in the phase velocity and in the attenuation of a high frequency (9 GHz) ultrasonic wave when another ultrasonic wave of neighbouring frequency propagates in the sample. Experiments were made on several borosilicate BK 7 samples at a temperature near 1.5 K. An anomalous dispersion and a decrease of the attenuation of the ultrasonic wave have been observed. From a systematic study of the linewidth as a function of the power of the two ultrasonic waves we are able to deduce a value of the relaxation rate 03932. As 
Abstract. 2014 The linewidth caused by the interaction between two-level defects in glasses has been measured through the change in the phase velocity and in the attenuation of a high frequency (9 GHz) ultrasonic wave when another ultrasonic wave of neighbouring frequency propagates in the sample. Experiments were made on several borosilicate BK 7 samples at a temperature near 1.5 K. An anomalous dispersion and a decrease of the attenuation of the ultrasonic wave have been observed. From a systematic study of the linewidth as a function of the power of the two ultrasonic waves we are able to deduce a value of the relaxation rate 03932. As [1] [2] [3] , non linear ultrasonic propagation [4] . These properties do not seem to depend too much on the chemical composition of the chosen amorphous material. Several theoretical models have tried to explain some of these observations, but up to now only one has been consistent with the experimental results. Simultaneously Phillips [5] and Anderson et al. [6] introduced a model in which the glass contains a distribution of tunneling states; each of them may be represented by a particle in a double well potential with randomly distributed conformation characteristics.
Thus these particles (atoms or groups of atoms, the problem of the nature of these tunneling particles has not been solved) have two eigenstates. Each particle may be represented by a fictitious spin 1/2 in a local magnetic field varying from site to site in intensity and orientation.
(*) Associated with the Centre National de la Recherche Scientifique.
One difference from the usual situation for true spins in a paramagnetic material is the very broad spectral distribution, smoothly varying with energy up to a cut-off of the order of 0.1 eV [6, 3] . Among the total spin population we can speak of a spin packet with splitting energy 2 Eo = hcoo. Spins of such a packet are distributed at random in the material and even with a determined energy 2 Eo, the conformation characteristics of each particle in its double well potential are also randomly distributed. Because the spins are strongly coupled to the elastic strains, the experimental observation of ultrasonic wave propagation in the material gives information on the spin population (influence of resonant and relaxation processes on the wave attenuation and velocity [4, 10] ).
It is often supposed that spin packets are independent (no coupling between them). But recent papers [7, 8] have drawn attention to the interactions between spins, possibly through virtual phonon exchange. In this paper, we give new measurements of the spin-spin interaction through its influence on the ultrasonic propagation.
Briefly, when an ultrasonic wave propagates in an amorphous material, it saturates the spin packet of the same frequency by resonant processes and other spin packets in the vicinity of the wave frequency by spinspin interactions, so it burns a hole with a finite frequency width in the thermal equilibrium spin population. If another ultrasonic wave, with frequency not too far from the first, propagates simultaneously in the sample, its attenuation and velocity changes depend on the characteristics of the first wave and on all the spin relaxation processes.
From several points of view, the present article is a continuation of a previous paper which dealt with the spin-spin interaction in glasses [7] . Therefore, we use here the same notations and the same calculation methods as were used in that paper.
Our 
We will assume that the spin density per energy unit n(1iwo) is constant up to a large cut-off frequency : Fig. 4) . Experiments relating to the sound velocity change are not disturbed by the inhomogeneities. This can be understood with the help of the oversimplified model described in the appendix : a theoretical calculation shows that for a small inhomogeneity, the wave surface arrives at the end face with an angle varying to the first order in the index variation, whereas the propagating delay in the sample depends only in second order. We shall return to these experiments in the next section. The behaviour of the velocity change is qualitatively similar to the well-known Kramers-Kronig transforms of a gaussian or a lorentzian line. The curves in the . figure 5 agree with the theoretical calculation of the section 2. Compared to the usual dispersion curve in paramagnetic resonance [13] , the present curves are inverted because of the negative effect on the attenuation 1 -'. Such an anomalous dispersion has not previously been observed in glasses. As figure 6 . In the second, PA was fixed whereas PB varied. The results are shown in figure 7. We note that a frequency asymmetry occurs in all the curves. The maximum position is shifted from the . central frequency WB towards the higher frequencies.
This phenomenon is more sensitive to the power of B than to that of A, perhaps because of the different action of A and. B as can be seen in the theoretical expression for L1 (/-1 ).
The frequency asymmetry could be explained by the multiplicative factor of the lorentzian function in equation (4 Its frequency dependence (with co, 0, and the spin frequencies coo before integration) through ln.r and Ti was always neglected in calculations. If these are now taken into account, the asymmetry qualitatively appears. The maximum shift in the attenuation curves so explained must lead to a similar shift of the zero velocity change, which has not been measured Thus we tend to believe that sample n° 2 is not perfect and still contains very weak inhomogeneities.
The linewidth presents a strong dependence on the acoustic powers, which had not been observed in previous experiments [8] .
In the figure 8, we have plotted the maximum of attenuation change A(1-')m. and the total width 2 T at half height versus PA at fixed PB. It can be seen that A (I -')max -+ 0 when PA -+ 0, and 2 r tends to a nonzero value in the same condition as expected from the theory of section 2.
We discuss now how to deduce a value of T2 from experiments in the saturated region. Fig. 8 From a fit of the experimental curves (see Fig. 8 ) with equation (4) [4] .
We can also deduce approximative value of T2 from measurements of the intensity dependent absorption. As previously shown [7] (Fig. 10) .
TABLE I
It is not easy to accurately estimate an absolute acoustic power. Moreover, the substitution of At to T, in equation (6) is an approximation, the influence of which is difficult to evaluate. As a consequence, the error bars of the points deduced from (P,, are large.
The two values of T2 coming from [8] are not consistent with the three others, but this is not astonishing as noted before. The fact that two values are from Suprasil W and two others from BK 7 is not too severe an obstacle for comparisons as noted above.
It is impossible to fit the points of figure 10 with a power law F2 -T", with n having not an unreasonable uncertainty. In addition, there is no theoretical guide for the value of the exponent n, due to lack of a theory taking into account the influence of temperature on I-,. With the assumed law for v(y) the problem can be rigorously solved : the ray between P and Q is a parabola (Fig. 11) 
